BACKGROUND: Decisions to limit treatment in critically ill patients often rely on publications that make claims of futility based on outcome data. Our objective was to systematically review the criteria for futility and the strength of empirical evidence across clinical studies that purport to support or refute claims of futility. METHODS: The MEDLINE database was searched for relevant articles published between1980 and 2008. Selected studies reported original outcome data in critically ill or cardiac arrest patients and claimed that these data can support or refute decisions to limit treatment in comparable patients. Two authors independently abstracted data on patient characteristics, intervention, outcomes, cost, and design. RESULTS: Forty seven studies supporting a claim of futility and 45 refuting it were reviewed. Median point estimate for adverse outcome in studies supporting claims of futility was 100% (range 75% to 100%); median lower 95% confidence limit was 91% (range 48% to 99%). Explicit thresholds for futility were missing in 88% of articles. The original criteria for quantitative futility were fulfilled by only 28% of data, and almost exclusively in studies of cardiopulmonary resuscitation (CPR) for cardiac arrest. Substantial statistical overlap was observed between data brought in support of futility claims and data brought to refute them. CONCLUSIONS: Most studies that purport to guide determinations of futility are based on insufficient data to provide statistical confidence for clinical decisionmaking. They usually lack explicit a priori thresholds for determination of futility. Many studies draw disparate conclusions based on statistically similar data. In most circumstances these problems preclude confident determinations of futility.
INTRODUCTION
Many factors influence medical decisions regarding critically ill patients, including the patient's wishes, underlying and acute medical conditions, and treatment setting [1] [2] [3] [4] [5] . With the advent of new intensive care and resuscitation modalities, physicians are often faced with demands for treatments that are technically feasible but which they may regard as clinically inappropriate because the prognosis is dismal 6, 7 . The emergence of the concept of medical futility in the 1980s reflected, at least in part, an attempt to re-assert professional judgment in an era when patient autonomy had achieved primacy in ethics and law 8 . Efforts to curb healthcare costs have focused public attention on resource-intensive treatments that are unlikely to help patients whose prognosis is very poor [9] [10] [11] . However, the concept of futility has proven to be very difficult to define and apply.
In an oft-cited quantitative definition of futility, Scheinderman and colleagues proposed that "when physicians conclude (either through personal experience, experiences shared with colleagues or consideration of reported empiric data) that in the last 100 cases, a medical treatment has been useless, they should regard that treatment as futile" 8 . The statistical basis for this determination is that given 100 successive treatment failures "the clinician can be 95% confident that no more than three successes would occur in every 100 comparable trials" 8 . This quantitative approach was meant to promote decisions to limit treatment that are based on empirical evidence, rather than on subjective opinion alone. Lack of consensus and criteria, and inconsistency in clinical thinking have been major obstacles to a systematic approach to prognosis-based futility determinations 12 . Adopting a quantitative approach might appear to address these issues, but without consensus about what constitutes quantitative futility, it may only disguise subjectivity with statistics.
The following were our objectives: 1) to explore the degree to which studies that use quantitative data to support or refute claims of therapeutic futility rely on explicit criteria, and 2) to systematically evaluate variability in statistical confidence conferred by reported data in this context. The implications of our findings for clinical decision-making are discussed.
METHODS

Study Selection and Eligibility
A systematic MEDLINE search for articles with original outcome data pertaining to futility or treatment limitation based on poor prognosis was conducted using the PUBMED search engine. Search limits were: English language, human subjects, and publication date 1/1/1980-11/1/2008. No geographical or age restrictions were set.
Search terms included the following Medical Subject Heading (MeSH) terms: intensive care; critical illness, intubation, artificial respiration, mechanical ventilation (entry term), resuscitation; dialysis, vasoconstrictor agents, mortality, death, survival, medical futility, and the following free text terms: futile, ineffective, withdraw, and withhold.
Review of abstracts, determination of eligibility and data extraction were conducted by two independent reviewers, who subsequently resolved differences by consensus. At the first stage of selection, all abstracts were reviewed. Those that were potentially eligible based on the criteria detailed below were retrieved as full articles. Qualifying articles had primary data (or were meta-analyses based on systematic reviews), included more than 10 patients overall, and pertained to critically ill or cardiac arrest patients in whom maximal curative (rather than only palliative) treatment effort was made. An additional requirement for inclusion was a clear statement or direct implication that the decision to withdraw or withhold treatment in a specifically defined group of patients could be accepted or rejected on the basis of outcome data provided.
Excluded articles included opinion pieces, editorials, case reports and reviews. Studies of outcome after a decision to withhold or withdraw treatment were excluded. Additional excluded categories were studies examining attitudes, perceptions and practices of medical teams, patients, or families, studies examining the decision to withdraw or withhold treatment as the main outcome, and studies in which either the size of the group on which the futility claim is based or the number of adverse outcomes could not be determined.
The consensus process consisted of a face-to-face meeting of both reviewers to discuss each abstract about which there was discrepancy in the decision to exclude. The reviewers together went through each of the inclusion and exclusion criteria listed above. If a clear reason for exclusion was not found, and a potential for meeting the inclusion criteria was thought to exist, the abstract was selected for full review of the article. The process was repeated after review of the full article in all instances of discrepancy regarding inclusion in the final analysis. The reviewers met a third time to ensure agreement on each element abstracted from the articles that were ultimately included in the analysis
Data Extraction and Analysis
Extracted elements included bibliographic information and study characteristics based on the PICOD (population, intervention, comparator, outcome, design) schema for question formulation 13 . Additional extracted data included the main intervention, outcome upon which the conclusion was drawn (e.g. hospital survival, survival with good neurological outcome) and study design. Additional extracted elements included the principal conclusion (i.e. support or refute a futility claim), criteria for defining futile treatment. Analysis of more than one prognostic stratum per article was done if the abstract stated clearly that conclusions were based on more than one patient group. In articles that explicitly reported a predictive model, the model's reported sensitivity and specificity were extracted.
Descriptive Analysis
Studies were divided into two main categories: those in which the principal conclusion was that treatment in a given situation was futile (studies supporting a futility claim), and those in which the principal conclusion was that treatment might potentially be effective (studies refuting a futility claim).
The focus of the analysis was the group of patients on which the futility claim was based. For example, in a study on the effectiveness of CPR in 865 cardiac arrest patients, the focus was on the subset of 131 patients whose cardiac arrest had specific characteristics associated with 100% mortality, and who were the basis for the conclusion regarding futility 14 . The proportion of studies providing explicit criteria for futile treatment (defined as a direct reference to a threshold of futility for determining if the observed data satisfy the definition of futile treatment) was determined. The proportion of studies meeting Schneiderman's threshold was calculated. Two interpretations were used to define this threshold: a stricter interpretation requiring a 100% adverse outcome rate in at least 100 patients, and a more relaxed threshold in which the adverse outcome rate could be slightly lower than 100%, as long as the lower 95% confidence limit was greater than 96.4%, which is the lower 95% confidence limit for a proportion of 100/100. Reporting of results was guided by recent guidelines for systematic reviews 15 .
Statistics
The 95% CI for the proportion of adverse outcome in the prognostic stratum of interest was calculated using the exact binomial method. Rounding was performed to the nearest integer percentage; all point estimates and confidence limits between 99 and 100 were rounded to 99%. Positive and negative predictive values (PPV and NPV, respectively) were calculated based on outcome prevalence, and model sensitivity and specificity, using Bayes' rule. Microsoft Excel© was used for data extraction and basic calculation, Stat-Pages binomial calculator to calculate the 95% CI for outcome proportions http://statpages.org/confint.html.
FINDINGS
Article Selection (Fig. 1) The search yielded 1735 abstracts, of which 1525 were rejected, that either clearly met the exclusion criteria, or were obviously irrelevant to the subject matter (e.g. discussed futility of treatment for obesity); after resolving disagreements over 67 of the 1735 abstracts, 210 references were selected for review of the full article. Of these, 118 were rejected based on one or more of the inclusion and/or exclusion criteria. The principal reason for exclusion fell into one of six categories (Fig. 1) . Ninety-two articles were selected for full data extraction and analysis. The reviewers initially disagreed about inclusion or exclusion of 7 of the 210 articles, but reached agreement in all cases after discussion. In 47 articles, the principal conclusion was that treatment thought to be possibly effective is actually futile, and in 45 the conclusion was that treatment thought possibly to be futile may be potentially effective. Median year of publication was 1997 for the first category and 2000 for the second. Table 1 summarizes the study population and intervention characteristics, and study design in the abstracted articles.
Point Estimates and 95% CIs in the Prognostic Strata of Interest (Fig. 2)
Since a few articles had more than one group of patients whose outcomes directly supported the conclusion, we analyzed outcomes for 54 groups in studies supporting futility claims and 46 groups in studies refuting futility claims. While many studies supporting futility claims had adverse outcome rates of 100%, some had rates as low as 75% (median 100%, interquartile range -IQR-97-100%). Lower 95% confidence limit for the adverse outcome rates varied substantially, ranging from 48% to 99% (median 91%, IQR 80% to 97%). Upper 95% confidence limit ranged from 78% to 100% (median 100%, IQR 99-100%). The size of the groups (n) in this category ranged from 5 to 2592 patients (median 95, IQR 28-230).
Studies refuting futility claims had adverse outcome rates that varied substantially, ranging from 0% to 96% (median 56%, IQR 37% to 85%). Lower 95% confidence limit ranged from 0% to 94% (median 37%, IQR 24% to 73%). Upper 95% confidence limit ranged from 13% to 99% (median 69%, IQR 45% to 90%). The size of the groups (n) in this category ranged from 11 to 2093 (median 90, IQR 50 to 145).
As shown in Figure 2 , there was considerable overlap in point estimates and CIs. Of the 54 groups whose outcome was used to support a futility claim, 12 (22%) had point estimates lower than or equal to 96% (the highest point estimate used to refute a claim); 24 (44%) had point estimates lower than or equal to 99% (the largest upper 95% confidence limit for outcomes used to refute such a claim). Of the 46 groups whose outcomes were used to refute claims of futility, 14 (30%) had point estimates greater than or equal to 75% (the smallest point estimate used to support a futility claim); 26 (57%) had point estimates above 48% (the smallest lower 95% confidence limit in studies supporting futility claims).
Thirteen articles supporting a claim of futility employed predictive modeling. The range of reported specificity for predictive models was 98% to 100%. Corresponding sensitivity for these models as predictors of poor outcomes was very low (median 37%, range 12.5-58%).
Schneiderman's Threshold (Table 2) Fifteen of 54 groups (28%) with outcome rates that purportedly supported claims of futility had more than 100 patients with a very high adverse outcome rate, resulting in a lower 95% confidence limit of 96.4% mortality or more. Fourteen of these (93%) were groups of patients with cardiac arrest requiring cardiopulmonary resuscitation (CPR). The one other group was Figure 1 . Study selection flow diagram. The principal reason for rejection of articles in the full articles review phase fell into one of the following six categories: 1) Article does not directly address the issue of futility of intensive care or resuscitation; 2) Data presentation and/or methodology of the article render the data presented therein not amenable to the analysis specific to this review (e.g. the article does not explicitly mention the absolute number of adverse outcomes and/or the total number of patients in the group upon which the conclusion is based); 3) Article lacks a clear conclusion as to whether treatment should be withheld or withdrawn based on the data presented; 4) Article examines the decision to give or withdraw care as the primary outcome; 5) Article primarily examines the efficacy of specific diagnostic or therapeutic interventions (e.g. steroids, pulmonary artery catheters, antibiotics), rather than the futility of the overall life-saving effort; 6) Article is not strictly a clinical study of patient outcomes. These categories were not necessarily mutually exclusive. However, in the interest of simplicity, the articles are presented by the primary category for exclusion. 
Explicit Definition of Futility (Tables 3 and 4)
Only six of 47 articles that make a claim of futility (13%) had explicit definitions of futility or other criteria for limiting treatment. Five of the six articles referred to Schneiderman's original article, but only one has explicit reference to the minimum denominator of at least 100 required to reach the statistical confidence implied by Schneiderman's definition 16 . Among studies that refute claims of futility, five (11%) gave a definition of futile therapy. Three articles cited Schneiderman's article, but only one specifically mentions the need for a sufficiently large denominator 17 
DISCUSSION
Decisions on limiting curative treatment usually begin with a clinical impression regarding prognosis. Since personal experience alone is often insufficient to substantiate this impression, clinicians often rely on published data on outcomes in comparable patients. Our aim was to examine the degree of variation or consistency in quantitative data and criteria used to support or refute claims of futility.
We found that most articles which support withholding or withdrawing treatment on empirical grounds do so based on data that show an adverse outcome rate of 100% or very close to it. The degree of statistical confidence, however, is highly variable. Most articles purporting to support claims of futility do not meet the widely-cited quantitative definition of futility, which specifies a lower 95% confidence limit for the probability of adverse outcome between 96% and 97%. This is often the result of small sample size. The range of specificity for predictive models, where reported, was 98% to 100%. The models' corresponding sensitivity as predictors of poor outcomes was very low (median 37%, range 12.5-58%). Given these models' discriminative characteristics, the cost of high specificity is relatively low sensitivity. The low sensitivity results in the identification of relatively few patients in the poor prognostic category upon which the futility claim is based. The small number of patients, in turn, results in the relatively large CI (1) Schneiderman's criteria: futility can be determined based on treatment failure in 100 consecutive cases in which it was attempted x/n : number of adverse outcomes (x) in the patient group on which the conclusion is based (n), P(%): the percentage of adverse outcomes *Data meeting threshold based on lower 95% confidence limit >96.4 **Data meeting threshold based on additional criterion of 100% adverse outcome §ICU: intensive care unit, CPR: cardiopulmonary resuscitation, OOHCA: out of hospital cardiac arrest Figure 2 . Data point estimates in studies supporting claims of futility (black diamond) and those refuting such claims (blue square), with 95% confidence interval (CI). Data supporting claims of futility were arranged in descending order of lower 95% confidence limit, data refuting such claims were arranged in ascending order of upper 95% confidence limit.
surrounding the point estimate of the outcome rate, and the failure to satisfy Schneiderman's criterion. Explicit definitions or criteria for futility were only given in 12% of articles. Schneiderman's original quantitative definition appears to be the most commonly cited reference point for futility. Most articles that refer to it, however, generally disregard the need for a high degree of statistical confidence conferred by a sample size of 100 patients or more. Only a few authors fully acknowledge that wide CIs in small groups preclude confident conclusions regarding futility [16] [17] [18] [19] . Data that meet Schneiderman's criteria are reported almost entirely in the context of CPR for certain types of cardiac arrest, indicating that it sets a relatively conservative standard. The main implication of our findings, therefore, is that in most clinical scenarios, clinicians cannot base decisions to withhold or withdraw treatment based on data-proven futility, since empirical evidence that provides a high level of statistical confidence is lacking. The range of quantitative definitions for futility usually falls between 0% and 2% of success. While this range may appear fairly narrow, the difference between 0% chance of success and any chance of success, even smaller than 1% is a paradigm shift, since any evidence of treatment effectiveness can undermine a claim of futility. The general lack of reference to the minimal number of treatment failures required to determine futility reflects a failure to recognize the importance of statistical confidence. Other authors use economic definitions or terms such as "rates of success approaching zero" that elude consensus. Only one author provides an element of time in the definition.
There is substantial overlap in both point estimates and 95% CIs between data used to support futility and data used to refute it. This finding underscores the subjective, valueladen nature of decisions to limit treatment in this context. It is also congruent with classical analyses of decision psychology, in which framing can lead to disparate conclusions on the basis of the same data. For example, the degree to which clinical scenarios are perceived as hopeless may alter the threshold for refuting futility, suggesting the influence of "framing effects". The framing effect refers to the influence of psychological principles that govern the perception of decision problems and the evaluation of probabilities and outcomes to produce predictable shifts of preference when the same problem is framed in different ways 20 . An example of a framing effect is when people are presented with a problem with two potential solutions (such as strategies to avert a disease outbreak) they tend to make a risk averse choice, when its certain, albeit smaller, potential gains are made explicit (e.g. certainly saving only 200 of 600 lives is preferred to the 1/3 chance of saving 600 and 2/3 of saving none).
When the potential losses of the very same options are emphasized the respondents' preferences are reversed (1/3 chance of saving 600 and 2/3 of saving none is preferred to the certain loss of exactly 400 lives) 20 . In traumatic cardiac arrest, CPR during transport and mechanical ventilation for bone marrow transplant recipients, even mortality rates of approximately 95% can lead to a conclusion that treatment is not futile [21] [22] [23] . Because the prevailing perceptions of prognosis in these scenarios are so dismal, the impact of any reports of success, however limited, may lead to a conclusion that refutes futility, whereas the same very low rates of success may lead to the opposite conclusion in less extreme settings (e.g., sepsis). These issues may represent a significant source of bias in the conclusions of studies, and mandate caution in their application to clinical practice. Another important factor in the inherently provisional nature of data analysis in this context is the potential for future improvement in patient outcomes. For example, the three studies claiming futility of CPR for traumatic cardiac arrest were published in 1993, 1995 and 2004 based on mortality rates of 100% [24] [25] [26] , whereas two of three studies refuting the claim that this treatment is futile, were published in 2006 and one in 2003 21, 27, 28 . Mortality rates in the latter three articles were 44% to 94%. Thus, the problems in basing clinical decisions on futility extend beyond the lack of sufficient data and statistical confidence, to include bias, lack of uniform criteria, and the risk of ignoring potential for improved outcome with technological advances and the accumulation of clinical experience. Regardless of the problematic nature of the concept of futility and its implementation, most physicians will face dilemmas in deciding how vigorously to treat patients whose prognoses they believe to be poor. From a societal perspective, the challenge of curbing healthcare costs may prompt discussion of limiting futile, expensive treatments. Empirical data can often help to inform such decisions, but correct interpretation of these data and awareness of their statistical and methodological limitations is crucial. An approach that purports to be strictly evidence-based may distort the decision-making process for an individual patient as well as the process of formulating healthcare policy.
Limitations
The search may have failed to retrieve all relevant data. Some auhors may not use the term "futility", due to the debate surrounding the concept. The terms "ineffective," "withhold," and "withdraw" were added to the search to capture articles discussing futile treatment without referring to it explicitly.
Much of the extraction and analysis depended on subjective interpretation and reconstruction of the authors' logic. The prognostic stratum and outcome upon which the conclusions were based and other aspects of the authors' deductive reasoning, were often very difficult to define.
Finally, the analysis was focused on the statistical and methodological aspects of the determination of futility. The fundamental ethical, legal, and psycho-social issues that have been central to end of life decision making in recent decades were not systematically addressed.
CONCLUSIONS
Applying empirical outcome data to decisions about limiting treatment in critically ill patients is fraught with statistical and methodological problems. Explicit criteria for futility are usually missing, which may increase the degree of subjectivity in the authors' conclusions. Our findings imply that in most circumstances physicians cannot confidently rely on published outcome data to make determinations of medical futility. Most articles that support limitations of treatment do so based on a point estimate of 100% adverse outcome rate or very close to it. However, data are often obtained in small groups of patients, compromising the statistical confidence around the point estimates. Wide CIs reflect the risk that patients will be misclassified as unsalvageable and be denied appropriate curative effort. Only a few articles provide data meeting Schneiderman's classical definition for quantitative futility. Those that meet this standard are almost exclusively reports of outcome in patients undergoing CPR. Reports of patients who are critically ill, but not yet in cardiac arrest, almost always fail to meet this standard. Significant overlap exists in point estimates and CIs between data used to support claims of futility and data used to refute such claims, suggesting a strong influence of subjective impression in the interpretation of data and in the conclusions presented to the reader.
These limitations in the empirical basis for determinations of futility argue against a strictly empirical approach to decisions on limiting treatment in patients in very poor prognosis. Decisions that acknowledge these problems will better reflect the standards of cogent reasoning to which clinicians aspire and which our patients deserve.
